G
ardens have been utilized in schools in the United States since the late 1890s and early 1900s (Bachert, 1976) . Research to quantify the effects of school gardens, however, is relatively new. Many articles have been written by educators relating the qualitative effects of school gardens on students (Bradley, 1995; Canaris, 1995; Hanscom and Leipzig, 1994; Marturano, 1995; Meyer et al., 2001; Monk, 1995; Neer, 1990; Nelson, 1988; Sarver, 1985; Thompson and Marcoux, 1996) , but few studies have been conducted. To quantify their benefi ts, studies have been conducted to examine the wide range of effects such as a garden's effect on environmental attitude (Skelly and Zajicek, 1998) , on nutrition (Lineberger and Zajicek, 2000) , on social interaction and interpersonal skills (Waliczek et al., 2001) , and science achievement (Klemmer, 2002) . More studies such as these are needed to further evaluate the benefi t of having a garden in schools.
Studies have been conducted to assess the factors which infl uence teacher use of gardens (DeMarco et al., 1999; Dobbs et al., 1998; Mirka, 1970) . One factor is having the available space, but gardens do not have to be in large areas (Braun et al., 1989) . Gardening can be brought inside by the use of Grow Labs (National Gardening Assn., Burlington, Vt.) or similar structures (Gwynn, 1988; Hanscom and Leipzig, 1994 ) that facilitate gardening activities in northern climates and areas with little outdoor green space. The purpose of a school garden is not to have an elaborate landscape, but to create a "living laboratory" for student observation of science concepts in the real world and experimentation in an unpredictable environment. In addition, students need to feel that what they are learning in the classroom has a function in their everyday life (Fusco, 2001; Nelson, 1988; Reinsmith, 1993) .
Educators have reported that school gardens and science can be used to teach across the curriculum (Mechling and Kepler, 1991) which can be particularly helpful in selfcontained classrooms. Concepts and skills from virtually every subject can be learned through a garden (Braun et al., 1989) . Gardens also provide a link between concepts learned in the classroom and real life applications (Mohrmann, 1999) . In California, legislators acknowledged the effectiveness of school gardens to teach nutrition and provide other benefi ts to students by passing legislation that provides for the promotion, implementation, and support of instructional gardens by school districts and county education offi ces provided funding becomes available from areas other than state funds (State of California, 2000) . Organization and support of school gardening will hopefully be realized sometime in the future in many states; until then, more research into the benefi ts and effects of gardening is needed.
Materials and methods
An experiment was conducted to quantify the effects of a school garden and garden curriculum on the science achievement of fi fth grade students in three inner-city East Baton Rouge Parish, La., elementary schools (Park, Bernard Terrace, University Terrace) from Aug. to Dec. 2002. Several factors played a part in the fi nal selection process of the three schools for the study, such as having enough green space for a garden area, cooperative principal and teacher, two self-contained, mainstream, fi fth grade classrooms and a location close to downtown Baton Rouge. All three of the schools were very similar in their demographics. According to the 2000-01 statistics (Ersys Development Team, 2003) , the populations of the schools ranged from 377 to 507 students. Each school was primarily African-American in racial make-up with a 15:1 or less pupil to teacher ratio.
At two of the three schools, both the experimental and control classes were primarily African-American. The third school's experimental and control classes contained students from a wide range of ethnicities. This school is located in close proximity to the Louisiana State University campus (Baton Rouge) and had a very diverse ethnic make-up due to a large refugee population and foreign graduate student population in the neighborhood. The class sizes ranged from 17 to 33 in both the experimental and control classes.
CURRICULUM. The Junior Master Gardener (JMG) Handbook Level 1 (Whittlesey et al., 1999) for grades 3 through 5 developed at Texas A&M University was the hands-on gardening curriculum chosen for classroom
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integration. This program targeted the age group selected and was chosen due to its thoroughness and interesting activities. Only the fi rst four chapters out of the eight total in the teacher/leader guide were used in this study as they were introduced in the informal education program. Select activities were chosen and implemented in a 14-week period. In addition to the hands-on science activities, garden activities were performed. These were not specifi ed in the JMG program, but were supplemental to the formal activities.
This program was implemented as an informal education program. Volunteers were used to assist in teaching and were from a Louisiana State University horticultural science service-learning class. In addition, Louisiana Master Gardeners helped teach the curriculum. Volunteers from these two groups went into the schools for 2 h each week to lead the lessons and work in the gardens. Each week, approximately the fi rst 1.5 h was used for the JMG program activities and the last 0.5 h was used for garden time. During the semester approximately 4 h were spent on the 10 activities chosen from the fi rst chapter (Plant Growth and Development), slightly less than 3 h on the six activities chosen from the second chapter (Soils and Water), approximately 3 h on the seven activities chosen from the third chapter (Ecology and Environmental Horticulture), and approximately 2.5 h on the fi ve activities chosen from the fourth chapter (Insects and Diseases). Most of the volunteers had never taught children before and had to be guided in leading the lessons at the start of the program. The schools varied in the total number of volunteers assigned due to differing class size. The presence of the volunteers, however, allowed the classes to be divided into small groups of four to six per group. The presence of the adult volunteers for supervision also allowed for greater management of the fi fth grade students while in the garden.
The gardening space for each school was standardized with each school having three 4 × 10-ft garden beds (1.2 × 3.0 m) for the students as their outdoor classroom area. Students planted herbs such as mint (Mentha ×piperita), rosemary (Rosmarinus officinalis), parsley (Petroselinum crispum), and basil (Ocimum bascilicum); and cool-season vegetables such as broccoli (Brassica oleracea var. italica), radish (Raphanus sativus), lettuce (Lactuca spp.), carrot (Daucus carota), and potato (Solanum tuberosum). The classrooms bought watering cans and were given fi sh emulsion for fertilizer. It was the responsibility of the teacher and students to make sure the garden was properly watered and fertilized.
INSTRUMENTATION. Testing for the study consisted of a science achievement pretest at the beginning of the semester on the fi rst day of activities and then a posttest at the end of the fall program. A 40-question test developed at Texas A&M University, based on the Junior Master Gardener program, was used for the evaluation (Klemmer, 2002) . The testing instrument showed reliability (Cronsbach's alpha = 0.403) and validity for the Texas Essential Knowledge and Skills as reported by Klemmer. The test was divided into four, 10-question sections covering the fi rst four chapters of the program. Students were given as much time as needed to fi nish the test. For each experimental class there was a corresponding control class within the school and grade. Pretesting for the control class did not take place until 8 weeks into the semester due to time confl icts and the inability to get permission forms returned promptly. Posttesting for the control class was conducted 1 week after the experimental classes.
The data obtained from the pretest and posttest scores of the 62 fi fth grade students in the experimental classes and the 57 students in the control classes were analyzed using an analysis of variance (ANOVA)(SAS version 8 for Windows; SAS Institute, Cary, N.C.). The main effects [gender, treatment (TRT), pretest vs. post] and interactions (TRT × gender, gender × pretest vs. post, TRT × pretest vs. post, TRT × gender × pretest vs. post) were subjected to ANOVA. Scores for the 40-point test were multiplied by 2.5 to transform the scores to a 100-point scale. Pretest and posttest scores were analyzed for differences in both the experimental and control classes to determine if a garden program treatment infl uenced test scores. A paired t test was performed on the science achievement scores in the experimental classes to compare their pretest scores to their posttest scores and determine if there was a signifi cant difference in the means. The same paired t test was performed on the scores from the control classes. Paired t tests were also performed to determine differences in chapter scores.
Results and discussion
The effect of gender (P ≥ 0.5353) and treatment (P ≥ 0.0832) on science achievement test scores were nonsignifi cant (Table 1 ). The variable pretest vs. posttest is a comparison of the pretest and the posttest scores of each student regardless of treatment to determine if there was a difference in the two scores. Students science test scores were signifi cantly higher (P ≥ 0.0171) in post-compared to the pretest results. The interaction between treatment, gender, and the pretest vs. posttest variable was also signifi cant (P < 0.0219). The signifi cant interaction resulted from the control group females remaining level in their pretest to posttest scores (data not presented). No other ANOVA interactions were signifi cant.
There was a signifi cant increase (P ≥ 0.0167) in mean test scores for the experimental group (3.40) when the test scores where analyzed separately with paired t tests ( Table 2 ). In contrast, the difference in control group pretest and posttest scores (1.18) was not signifi cant (Table 2) . Gender was not a signifi cant variable in pretest and posttest scores paired t test analysis. Scores on the blocks of questions derived from material of each chapter were analyzed separately. Analysis of chapter one (Plant Growth and Development) test scores using a paired t test showed a signifi cant difference (P> 0.0001) between the pretest and posttest means of the experimental classes while the control test scores were not different (Table 3 ). There were no statistical differences for either the experimental or control classes in pretest and posttest subscores for the other three chapters. This results can be explained due to the time spent and the number of activities performed from chapter one compared to the other chapters.
Only the experimental class at University Terrace Elementary showed signifi cant differences (P ≤ 0.016) in science achievement (40 questions) pretest and posttest means (Table  4 ). The experimental classes at Park Elementary and University Terrace Elementary had signifi cant positive differences in the pretest and posttest means for chapter one and four, respectively (Table 5 ). The experimental class at Park Elementary, however, had a signifi cant negative change in chapter four pretest and posttest scores. As an addition to the gardening curriculum, an entomologist participated in two of the three schools during the time chapter 4 (Insects and Diseases) activities were being covered. The entomologist brought in live specimens for the students to see and touch and also presented an entertaining lecture. The negative results at Park Elementary could be partially explained as this school was the site with decreased time on this particular chapter due to class scheduling confl icts with required fi eld trips. There were no differences in subscores for chapter two (Soils and Water), or chapter three (Ecology and Environmental Horticulture) results for the individual schools (data not presented).
Our results indicate that there were signifi cant differences in pretest and posttest scores and that the differences were only in the experimental group scores. These results are similar to a study conducted in Texas with a larger student population consisting of third through fi fth grade students (Klemmer 2002 ). Klemmer reported higher science achievement experimental posttest group test scores compared to the control group and that most of the difference occurred in fi fth grade student test scores. In addition, Klemmer also reported no effect of gender in the experimental group while within gender there was signifi cant increases in treatment group males compared to control in all three grades and in females in the fi fth grade. Our study showed a trend of increases between pretest and posttest scores in experimental and control group males and in experimental group females, within gender was nonsignifi cant. 
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In the current study the pretest and posttest experimental group scores showed a signifi cant difference in paired t tests while the ANOVA results showed no signifi cant difference in test scores due to treatment. One factor that could have infl uenced the ANOVA results is the relatively low sample size used in the study. A larger sample population could have increased the test sensitivity. Other variables that possibly infl uenced the test results were the teaching experience of the volunteers and the level of teacher participation and follow-up during the week. In all but fi ve out of 15 cases, the volunteers who went into the schools to work with the students had no formal training in education and they were primarily young and inexperienced undergraduate students. It is possible that the elementary school students, even though engaged in hands-on activities, did not receive the full benefi t due to lack of proper teaching techniques and the inability of the volunteers to explain concepts at the fi fth grade students' level.
Another variable, teacher participation, could also have played a role in the posttest outcomes. In this study, there was very little, if any, continuity between the gardening activities and the normal curriculum activities. Only one of the three teachers reported to have used concepts introduced through the JMG curriculum activities into the classroom during the remainder of the week. The teachers used the garden to different degrees, but the overall lack of continuity between the garden and the everyday classroom was most likely the greatest disadvantage to this study. Butts and Hofman (1993) expressed the need for hands-on activities to be followed with discussion and explanation of what has been experienced. Another factor would be the lack of incentive for the students to answer to the best of their ability on the achievement test. The students knew that the test would have no effect on their science grade and was purely for our research purposes.
Conclusions
Our study focused on a predominantly African-American student population in low-income, inner-city public schools, with some of the students being from disadvantaged backgrounds. These are the students who truly need educators to fi nd new ways of engaging their students in science learning activities. This study shows that even with instructors who had little background in teaching methods and a once per week gardening session for students, some improvement in science achievement test scores can be attained. Positive results have been seen in other studies and accounts of gardens; however, more research needs to be conducted in this area before researchers can defi nitively say that gardens increase science achievement or achievement scores. 
